DISPLAY DRIVER AND DISPLAY DEVICE USING THE DISPLAY DRIVER 

Japanese Patent Application No. 2000-25715 filed on February 
2, 2000 is hereby incorporated by reference in its entirety. 
5 international Application No. PCT/ JP01/007 02 riled on February 
1, 2001 is hereby incorporated by reference in its entirety. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

10 The present invention relates to a display driver for 

driving a display section and a display device using the display 

^ driver, 

41 
%» 

m Description of Related Art 

f 

~ll 15 In a display device which includes a liquid crystal panel 

Ly (a display panel in a broader sense) having a large display 

Si 

capacity such as a LCD for vehicle mounting, a LCD for a copying 
^ machine or the like, the display driving is performed using a 

f|| plurality of display drivers (liquid crystal driving circuits) . 

20 in general, these display drivers are constituted such that they 
h- are classified into the master side and the slave side. In this 

case, conventionally, a liquid crystal driving power source 
circuit is arranged only at the master- side display driver and 
a liquid crystal driving power source circuit is not arranged 
25 at the slave- side display drivers. 

Fig. 6 schematically shows the constitution of the 
conventional display device which includes the master- side 
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display driver and the slave- side display drivers. 

At the master- side display driver, a resistor 10 is 
inserted between a power source voltage V DD at the high potential 
side and a power source voltage v tt at the lower potential side. 
5 Potentials Vl. V2 which are divided by the resistor 10 are 
inputted into operational amplifiers 21. 22 to which negative 
feedback loops are formed. Voltages Vll. V12 which are 
substantially equal to the input potentials are outputted from 
these operational amplifiers. 

10 A t the master side, the voltage Vll which is outputted 

from the operational amplifier 21 is supplied to a series of 
driver cells 31, 32. 33. _ for driving liquid crystal as a power 
source. Further, the voltage V12 which is outputted from the 
operational amplifier 22 is supplied to a series of driver cells 

15 31. 32. 33. _ for driving liquid crystal as a power source. 

The voltages Vll. V12 which are outputted from the 
master- side operational amplifiers 21, 22 are also supplied to 
the slave side as voltages Vll'. V12* through interconnecting 
lines 51.52 formed on an interconnect layer on a glass substrate . 

20 At the slave side, the voltage Vll' is supplied to a series of 
driver cells 71, 72, 73. _ for driving liquid crystal as a power 
source. Further, the voltage V12' is supplied to a series of 
driver cells 71. 72. 73. _ for driving liquid crystal as a power 
source . 

25 However, recently, there has been a tendency that the area 

of a liquid crystal panel is enlarged so as to increase a capacity 
of the liquid crystal panel. Accordingly, the electric power 



capacity which is required at the slave side is also increased. 
Further, in a chip-on-glass (Chip On Glass: abbreviated as COG 
hereinafter) structure which forms integrated display drivers 
on a glass substrate, the thickness of an interconnect layer 
5 is thin and hence, the resistance of the interconnecting line 
which connects the master side and the-s lave side is increased. 
Accordingly, a voltage drop occurs between the master- side 
power source voltages VI l f V12 and the slave- side power source 
voltages Vll', V12'. 
10 In Pig. 9, schematic waveforms of the master- side power 

source voltages Vll, V12 and of the slave- side power source 
q voltages Vll 9 , VI 2' are shown. 

In this manner, since the parasitic resistance is 
inserted to the interconnecting line which connects the master- 
IB side and the slave side, the capacity of the driver output 
becomes different between the master side and the slave side. 
To be more specific, compared to the output waveform of the 
master- side power source voltages Vll, V12, the output waveform 
of the slave- side power source voltages Vll', V12* loses 
20 sharpness. As a result, there arises problems such as giving 
rise to the deviation in bias on the whole screen and the display 
quality becoming different between the master side and the slave 
side due to the occurrence of the block irregularities at a 
portion of the screen. 
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SUMMARY 

The present invention has been made in view of the 
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above-mentioned technical problems and it is an object of the 
present invention to provide a display driver which, when a 
display section is driven using a plurality of display drivers, 
can suppress the drop of the power source voltage between 
5 respective display drivers thus preventing the deterioration 
of the -display quality of the display section and a— display 
device using such display drivers. 

The present invention which solves the above-mentioned 
problems is directed to a display driver which drives a display 
10 panel comprising: 

voltage generating means which generate a given voltage; 

a voltage- follower- type operational amplifier circuit 
which generates a driving voltage based on the given voltage; 
and 

15 switching means for causing the voltage-follower-type 

operational amplifier circuit to generate the driving voltage 
based on the given voltage in a first mode and causing the 
voltage -follower- type operational amplifier circuit to 
generate the driving voltage based on an external voltage supply 

2 0 in a second mode. 

Here, the vol tage- follower- type operational amplifier 
circuit means a so-called voltage -follower connected 
operational amplifier circuit in which a negative feedback loop 
is formed from an output terminal thereof. 

25 According to the present invention, the display driver 

is constituted such that the operation thereof is changed over 
between the first mode which generates the driving voltages 



based on the voltages generated by the voltage generating means 
and the second mode which generates the driving voltages based 
on the voltages supplied from the outside. Further, the display 
driver makes the voltage - follower connected operational 
amplifier circuit generate the driving voltages. Due to such 
~a~ cons t i^tionT~Whe^~a "displ ay "panel— having -an -increased 
capacity is driven by a plurality of display drivers, the 
display driving can be performed using a plurality of same 
display drivers so that a manufacturing cost of chips for 
display drivers suitable f orthe display driving can be reduced. 
Particularly, by making the operational amplifier circuit 
connected in the vol tage- follower manner with the negative 
feedback output terminal, the input impedance can be increased 
so that an input current can be reduced and the voltage drop 
of the supply voltages from the outside can be prevented whereby 
the above-mentioned driving voltages can be generated. 

Further, the present invention is characterized in that 
the display driver may be mounted on a glass substrate on which 
a display panel is formed, and the external voltage supply in 
the second mode may be supplied through a transparent conductive 
film formed on the glass substrate. 

According to the present invention, the first and second 
display drivers which are set in the above-mentioned first mode 
and second mode and the display panel which is driven by these 
display drivers are mounted on the same glass substrate as COG. 
Due to such a constitution, even when the transparent conductive 
film is used as an interconnecting line which electrically 



connects respective parts mounted on the glass substrate so that 
the interconnect resistance cannot be ignored, the input 
impedance of the operational amplifier circuit is extremely 
large so that an input current hardly flows into the circuit. 
5 Accordingly, the voltage drop of the voltages supplied from the 

out^i^e~through-the-interconnecting line-hardlyoccurs— -As- a 

result, the deviation in bias or the block irregularities on 
a screen of the display device can be prevented so that the 
deterioration of the display cjuality can be prevented - Further, 
10 with the provision of the COG mounting, the space saving of the 
picture frame and the reduction of the mounting steps and the 
number of parts can be realized. Further, since the current 
supply ability can be increased at respective display drivers, 
a large- sized screen liquid crystal panel having a heavy load 
15 can be also sufficiently driven. 

Further, in the present invention, when the display panel 
is driven by a plurality of the display drivers, the first mode 
may be a mode which generates a reference voltage for the driving 
voltage which is generated by another display driver, and when 
20 the display panel is driven by a plurality of the display drivers, 
the second mode may be a mode which generates the driving voltage 
based on the reference voltage generated by the display driver 
set in the first mode. 

According to the present invention, when the display 
25 panel is driven by a plurality of display drivers, the first 
mode is set with respect to one display driver and the second 
mode is set with respect to the remaining display drivers. 
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whereby when the reference voltage for the driving voltage which 
is generated by the display driver set in the first mode is 
distributed to the display drivers set in the second mode, the 
voltage drop between the respective display drivers hardly 
occurs- Accordingly, the deviation in bias and the block 
- irregularities- on -the— screen— of— the— display - device-can be 
prevented thus preventing the deterioration of the display 
quality. 

Further, the present invention is characterized in that 
the voltage generating means may generate the given voltage by 
dividing a potential difference between a given power source 
voltage at a high potential side and a given power source voltage 
at a low potential side by a resistor. 

According to the present invention, the voltage 
generating means can be configured by the extremely simple 
constitution and hence, the display drivers can be manufactured 
at a low cost. 

Further, the present invention is characterized in that 
the display panel may be a simple matrix panel. 

Further, a display device according to the present 
invention comprises : 

a first display driver set in a first mode, which is the 
above-mentioned display driver; 

a second display driver set in a second mode, which is 
the above-mentioned display driver, to which the driving 
voltage generated by the first display driver is supplied as 
the external voltage supply; and 



a display panel which is driven based on the voltage 
generated at least by the second display driver, 

wherein the first and second display drivers are mounted 
on a glass substrate on which the display panel is formed, and 

wherein the driving voltage generated by the first 
-display-driver-is-supplied to-the second-display driver- through 
a transparent conductive film which is formed on the glass 
substrate. 

According to the present invention, since the display 
drivers in the above-mentioned first mode and second mode are 
mounted on the glass substrate on which the display panel is 
formed, due to the COG mounting and the reduction of the cost 
of the drivers, the display device which can cope with the 
enhancement of the display quality even when the capacity of 
the display panel is increased can be provided at a low cost* 

The present invention is characterized in that the 
transparent conductive film may have interconnect resistance 
which is not less than output impedance of the voltage- 
follower- type operational amplifier circuit of the first 
display driver. 

According to the present invention , the voltage drop 
which is generated by the parasitic interconnect resistance of 
the transparent conductive film can be effectively prevented 
so that the deviation in bias and the block irregularities on 
a screen of the display device which constitutes a displayed 
object can be prevented thus realizing the display of high 
quality. 
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Further, a display device according to the present 
invention comprises: 

a display panel which is formed on a glass substrate, and 

a plurality of display drivers which are mounted on the 
glass substrate and drive the display panel, 

wherein each of the display drivers includes a 
voltage- follower- type operational amplifier circuit which 
generates driving voltage for driving the display panel based 
on a power source voltage supplied through an interconnecting 
line formed on the glass substrate. 

According to the present invention, in the display device 
which mounts a plurality of display drivers on the glass 
substrate on which a display panel is f orraed, when a power source 
voltage is supplied to the respective display drivers through 
an interconnecting line formed on the glass substrate, to each 
display driver, a vol tage- follower connected operational 
amplifier circuit which generates the driving voltage based on 
the power source voltage is provided. Due to such a 
constitution, the voltage drop of the power source voltage 
supplied to each display driver can be prevented so that the 
deviation in bias or the block irregularities on the screen of 
the display device which constitutes the displayed object can 
be prevented thus preventing the deterioration of the display 
quality . 

Further, the present invention is characterized in that 
the display panel may be an active matrix panel. 

Still further, the present invention is characterized in 



that the voltage supplied through the interconnecting line may 
be gray scale driving voltage. 

According to the present invention, when the display 
panel is the active matrix panel, for example, the drive voltage 
5 is generated based on the reference voltage at a plurality of 
-levels- necessary- -for —the— gray - scale — driving— due- _ to the 
voltage-follower connected operational amplifier circuit and 
hence, the deterioration of the quality of the gray scale 
display can be prevented ♦ 
10 Further, the present invention is directed to a display 

driver that is mounted on a glass substrate on which a display 
panel is formed and drives the display panel, 

wherein the display driver is connected to an 
interconnecting line to which a power source voltage which is 
15 supplied to another semiconductor device mounted on the glass 
substrate is applied, and 
3 wherein the display driver includes a vol tage- follower - 

%y type operational amplifier circuit which generates driving 

11' voltage which drives the display panel based on the power source 

10 

P 20 voltage. 

' According to the present invention, using the 

voltage -follower connected operational amplifier circuits, 
the driving voltages are generated based on the voltages applied 
to the interconnecting line formed on the same glass substrate 
25 and hence , it becomes possible to provide the display drivers 
suitable for performing the display driving of the active matrix 
panel , for example . 



ill 
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Further, according to another aspect of the present 
invention, there may be provided a power source circuit which 
supplies a power source to at least a first load arranged at 
a first portion and a second load arranged at a second portion 
comprising : 

means which generates a given potential at the first 
portion; 

a first voltage supply circuit which supplies a first 
voltage to the first load based on the given potential in the 
first portion as a power source; 

means which transmits the first voltage which is supplied 
by the first voltage supply circuit to the second portion; and 

a second voltage supply circuit which supplies a second 
voltage which has an equivalent value as the transmitted first 
voltage to the second load as a power source at the second 
portion. 

Further, according to still another aspect of the present 
invention, the means which generates a given potential may 
generate a plurality of given potentials which are different 
from each other, the first voltage supply circuit may supply 
a plurality of different first voltages based on the plurality 
of different given potentials, and the second voltage supply 
circuit may supply a plurality of different second voltages 
which are equal to the plurality of different first voltages. 

Further, according to another aspect of the present 
invention, there may be provided a liquid crystal display device 
including a circuit which is arranged while being divided into 



at least a first portion and a second portion comprising: 

means which generates a given potential at the first 
portion; 

a first voltage supply circuit which supplies a first 
voltage based on the given potential in the first portion; 

— - a — f rr£t~group- of" liquid crystal—driving-circuits- which 

are operable using the first voltage which is supplied by the 
first voltage supply circuit as a power source in the first 
portion; 

means which transmits the first voltage which is supplied 
by the first voltage supply circuit to the second portion; 

a second voltage supply circuit which supplies a second 
voltage which has an equivalent value as the transmitted first 
voltage in the second portion; and 

a second group of liquid crystal driving circuits which 
are operable using the second voltage which is supplied by the 
second voltage supply circuit as a power source. 

Further, according to still another aspect of the present 
invention, the above-mentioned means for generating given 
potential generates a plurality of given potentials which are 
different from each other, the first voltage supply circuit 
supplies a plurality of different first voltages based on a 
plurality of the above-mentioned different given potentials, 
and the second voltage supply circuit supplies a plurality of 
different second voltages which have values equal to a plurality 
of the above-mentioned different first voltages. 

In the above-mentioned invention, the means which 
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generates a given potential may generates a plurality of given 
different potentials, the first voltage supply circuit may 
supply a plurality of different first voltages based on a 
plurality of given different potentials , and the second voltage 
5 supply circuit may supply a plurality of different second 
voltages which have values equal to the plurality of different 
first voltages. 

Due to such a constitution, there exists a substantially 
no flow of power source current between the first portion and 
10 the second portion of the liquid crystal display device and 
hence, it becomes possible to suppress the drop of the power 
source vol tage . Accordingly, the deviation in bias or the block 
irregularities on the screen of the liquid crystal display 
device can be prevented. 
15 As has been described above, according to the present 

invention, by suppressing the drop of the power source voltage 

2 between a plurality of portions of the liquid crystal display 

O 

^ device, the deviation in bias or the block irregularities on 

FU the screen of the display device can be prevented- Further, 

fi\ 

O 20 since the current supply ability of the power source circuit 



can be increased, the large screen liquid crystal panel with 
a heavy load can be also sufficiently driven. 

BRIEF DESCRIPTION OF THE DRAWINGS 
25 Fig. 1 is a constitutional view showing an essential part 

of a principle constitution of a display device according to 
the first embodiment. 
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Fig. 2 is a constitutional view showing an example of a 
specific constitution of a display device according to the first 
embodiment ♦ 

Fig. 3 is a constitutional view showing an example of a 
constitution of display drivers according to the first 
embodiment* — 

Fig- 4 is an explanatory view showing an example of a 
constitution of an input switching part of the display driver 
according to the first embodiment. 

Fig. 5 is an explanatory view showing a general 
constitution of the display drivers according to the first 
embodiment when the display drivers are applied to the display 
device in a two chip constitution. 

Fig - 6 is a constitutional view showing a general 
structure of a display device according to the second 
embodiment. 

Fig. 7 is a constitutional view showing a general 
constitution of an essential part of a constitution of the data 
drivers in the second embodiment . 

Fig* 8 is a constitutional view schematically showing a 
constitution of a conventional display device. 

Fig. 9 is an explanatory view showing general waveforms 
of a power source voltage at a master side and of a power source 
voltage at a slave side. 

DETAILED DESCRIPTION 

The embodiments of the present invention are explained 
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in detail with reference to the drawings. 

First Embodiment 

In a display device (liquid crystal display device) 
according to the first embodiment of the present invention, a 
display driving of a liquid crystal panel (display panel in a 
broader sense) is performed by display drivers (liquid crystal 
drive circuits) which are constituted by dividing them into two 
chips at a master side and a slave side. The display driver 
at the master side includes driver cells 31, 32, 33, ^. The 
display driver at the slave side includes driver cells 71, 72, 
73, Although a case in which the display driving of the 

liquid crystal panel is performed using the two chips in the 
following description, the present invention is applicable to 
a case in which a power source voltage which is generated by 
the division by resistance or the like at the outside of the 
display drivers is supplied to the display driver having a one 
chip constitution. 

!♦! Summary of the constitution 

Fig. 1 shows an essential part of a principle constitution 
of a display device according to the first embodiment. 

In the display device 2 according to the first embodiment , 
on a glass substrate on which a liquid crystal panel (not shown 
in the drawing) is formed, display drivers 40, 42 having two 
chip constitution of the master side and the slave side are 
mounted . 
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The display drivers 40, 42 generate liquid crystal 
driving voltages at a plurality of levels (for example, VI, V2 
in Fig. 1) and supply these voltages selectively to the liquid 
crystal panel based on display data. 
5 To generate voltages at a plurality of levels based on 

the display data, the display driver 4 0 at the master side 

includes a resistor 10 which is inserted between a power source 
voltage v DD l at a high potential side and a power source voltage 
v„l at a low potential side and generates at least one given 
10 voltage. Here, as an. example, it is assumed that two voltages 
VI, V2 are generated by the resistor 10. 
^ Further, the display driver 40 at the master side includes 

Vs? operational amplifiers (operational amplifier circuits in a 

H\ broader sense) 21, 22 to which the voltages VI, V2 obtained by 

sr. 

*il 15 dividing the voltage between the power source voltage V^l at 

slst) 

III the high potential side and the power source voltage v„l at 

'■5. 3 

the low potential side by the resistor 10 are supplied. 

Voltages VI r V2 are supplied to first terminals ( + 
fi| terminals) of the operational amplifiers 21, 22. These 

if; s 

JaJ 20 operational amplifiers 21, 22 constitute vol tage - follower- 
M type operational amplifier circuits . That is, to second 

terminals (- terminals) of the operational amplifiers 21, 22, 
output terminals of respective operational amplifiers are 
connected thus forming negative feedback loops thus 
25 establishing vol tage - follower connections. The power source 
voltage V DD 1 at the high potential side and the power source 
voltage V 8a l at the low potential side are supplied to the 
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operational amplifiers 21, 22 and the operational amplifiers 
21. 22 output voltages Vll, V12 which are equal to the input 
voltages. Either one of the power source voltage V DD 1 at the 
high potential side and the power source voltage V BB 1 at the 
low potential side may be used as a ground potential- 

" The display driver 42 at" the slave side includes at least 
operational amplifiers 61 f 62 which respectively correspond to 
the operational amplifiers 21, 22 of the display driver 40 at 

the master side. 

Voltages outputted from the operational amplifiers 21, 
22 of the display driver 4 0 at the master side are supplied to 
first terminals (+ terminals) of the operational amplifiers 61. 
62. To second terminals (- terminals) of the operational 
amplifiers 61, 62, output terminals of respective operational 
amplifiers are connected to form negative feedback loops thus 
establishing voltage- follower connections- A power source 
voltage V ro 2 at the high potential side and a power source voltage 
V on 2 at the low potential side are supplied to the operational 
amplifiers 61, 62 and the operational amplifiers 21. 22 output 
voltages which are equal to the input voltages. Either one of 
the power source voltage V BD 2 at the high potential side and 
the power source voltage V„2 at the low potential side may be 
used as a ground potential. 

In the display device 2 having such a constitution, the 
voltages Vll, V12 which are outputted from the operational 
amplifiers 21, 22 in the display driver 40 at the master side 
are supplied to a series of driver cells 31 , 32, 33. ~ for driving 
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liquid crystal as power sources. Further, these voltages Vll, 
V12 are supplied to the display driver 42 at the slave side 
through transparent conductive films 51 , 52 formed on an 
interconnect layer on the glass substrate. 
5 In the display driver 42 at the slave side, the voltages 

. _ — -Vl-1— vi~2 which-are -suppl-ied-through -the- transparent-conductive 
films 51, 52 are respectively inputted to the operational 
amplifiers 61, 62. Here, since the operational amplifiers 61, 
62 adopt the vol tage- follower- connection configuration as 

10 mentioned previously, feedback factors of the operational 
amplifiers become extremely large and hence, the input 
impedance of the operational amplifiers also become extremely 
large, whereby there exists substantially no flow of the input 
current. Accordingly, the voltage drop is hardly generated 

15 between the display driver 4 0 at the master side and the display 
driver 42 at the slave side. As a result, the output voltages 
of the operational amplifiers 61, 62 become substantially equal 
to the input voltages so that the voltages V21, V22 which are 
outputted from the operational amplifiers 61, 62 substantially 

20 become equal to the voltages Vll, V12 which are outputted from 
the operational amplifiers 21, 22 of the display driver 40 at 
the master side. 

The voltages V21 # V22 which are outputted from the 
operational amplifiers 61, 62 of the display driver 42 at the 

25 slave side are supplied to a series of driver cells 71, 72 r 73, 
_ for driving liquid crystal. 

As means for generating a given potential provided to at 
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least the display driver 40 at the master side, besides the 
resistor, a diode, a Zener diode, a transistor or the like can 
be used. Further, circuits which supply voltages are not 
limited to operational amplifiers and various voltage/current 
amplifier circuits including active elements can be used as the 
circuits for supplying "voltages . — — 

Incidentally* in a conventional mounting method (for 
example, a TCP (Tape Carrier Package) mounting) . when the 
display driving of a liquid crystal panel made of a simple matrix 
panel"is performed using liquid crystal driving voltages at a 
plurality of levels generated by a plurality of display drivers, 
for example, there arises no problem with respect to the 
resistance of an interconnecting line between display drivers. 
Further, it is much better to generate the liquid crystal 
driving voltages at a plurality of levels only by the display 
driver at the master side since this could reduce the current 
consumption of the operational amplifier thus enabling the 
lower power consumption. 

However, along with the increase of the capacity of the 
liquid crystal panel, when the display driving of the liquid 
crystal panel is to be performed by a plurality of display 
drivers adopting the COG mounting suitable for the highly dense 
mounting, since the interconnecting line which electrically 
connects display drivers is made of a transparent conductive 
film, the resistance of interconnecting line can not be ignored. 
As a result, in the constitution shown in Fig. 8, the 
deterioration of the display quality is brought about by the 



voltage drop between the display drivers. 

Accordingly, as mentioned above, in the display driver 
at the slave side, the voltages generated at the master side 
are subjected to impedance conversion by the voltage -follower 
connected operational amplifiers so as to remarkably increase 
t-h-e4-nput4n®edaDGe-of-the-operational-anpliti«r$-whereby there 
exists substantially no flow of input current of the operational 
amplifiers. As a result, substantially no voltage drop is 
generated between the display driver 4 0 at the master side and 
the display driver 42 at the clave side. Accordingly, the 
deviation in bias or the block irregularities on the screen of 
the display device can be prevented whereby the deterioration 
of the display quality can be prevented. 

Further, due to the COG mounting, the space saving of a 
picture frame and the reduction of mounting steps and the number 
of parts can be realized. At the same time, since the current 
supply ability at respective display drivers can be increased, 
it becomes possible to sufficiently drive the liquid crystal 
panel even when the panel is formed of a large- screen liquid 
crystal panel with a heavy load. 

1.2 Constitutional example of display device 

The above-mentioned display devices are explained 
specifically hereinafter. 

Pig. 2 shows a specific constitutional example of the 
display device of the first embodiment . 

A case in which the display device is driven by the display 
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drivers which are constituted of two chips at the master side 
and the slave side is explained hereinafter. However, the 
present invention is not limited to such a case and is applicable 
to a case in which the display device is driven by the display 
drivers which adopts a one chip constitution or three or more 
chip constitution 

In a display device 100, on a glass substrate on which 
the liquid crystal panel 110 is formed, a display driver 120 
at a master side and a display driver 130 at a slave side are 
mounted . 

The liquid crystal panel 110 is constituted of a panel 
which uses electro - optical elements such as liquid crystal or 
the like which changes the optical characteristics upon 
application of voltages. Here, the liquid crystal panel 110 
may be constituted of a simple matrix panel, for example. In 
this case, liquid crystal is filled between a first substrate 
on which a plurality of segment electrodes (first electrodes, 
SEG electrodes) are formed and a second substrate on which 
common electrodes (second electrode, COM electrodes) are 
formed. 

The liquid crystal panel 110 includes liquid crystal 
display regions 112A to D which are driven by the SEG electrodes 
and the COM electrodes of the display driver 12 0 at the master 
side and the display driver 130 at the slave side. 

Here, the display drivers 120, 130 respectively have the 
similar constitutions, wherein the master mode and the slave 
mode can be changed over based on a voltage applied to a 
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master/slave (Master/Slave: abbreviated as M/S hereinafter) 
switching terminal which constitutes an external terminal. 
Although the explanation will be made on the assumption that 
the display drivers 12 0. 130 are subjected to the mode switching 
using the M/S switching terminal, the mode switching may be 
perf ormed in-sof tware-based- on -the -setting-of-a~-resistor . 

The master mode is a mode which generates the reference 
voltage for liquid crystal driving voltage of other display 
drivers when the liquid crystal panel is driven by a plurality 
of display drivers. The display drivers set in the master mode 
generate the liquid crystal driving voltages based on voltages 
generated by voltage generating means incorporated in the 
display drivers. Further, the slave mode is assumed to be a 
mode which generates liquid crystal driving voltages based on 
the reference voltage for the liquid crystal driving voltages 
generated by the display drivers set in the master mode when 
the display driving of the liquid crystal panel is performed 
using a plurality of display drivers. 

The display driver 120 at the master side is set in the 
master mode by the M/S switching terminal and has a function 
of the display driver 4 0 at the master side shown in Fig. 1. 
On the other hand, the display driver 130 at the slave side is 
set in the slave mode by the M/S switching terminal and has a 
function of the display driver 42 at the slave side shown in 
Fig. 1- 

When 2 x M pieces of SEG electrodes of the liquid crystal 
panel 110 are prepared and 2 * N pieces of COM electrodes of 
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the liquid crystal panel 110 are prepared, the SEG electrodes 
at the liquid crystal display region 112A of the liquid crystal 
panel 110 are driven by the display driver 120 at the master 
side and the COM electrodes are scanned by the display driver 
120 at the master side. 

The SEG electrodes at the liquid crystal display region 
112B are driven by the display driver 120 at the master side 
and the COM electrodes are scanned by the display driver 130 

at the slave side. 

The SEG electrodes at the liquid crystal display region 
112C are driven by the display driver 130 at the slave side and 
the COM electrodes are scanned by the display driver 120 at the 
master side. 

The SEG electrodes at the liquid crystal display region 
112D are driven by the display driver 130 at the slave side and 
the COM electrodes are scanned by the display driver 130 at the 
slave side. 

When the display device 100 is driven with the power source 
voltages V0 to V5 for liquid crystal driving which are generated 
based on the potential difference between a given power source 
voltage V.,,,1 at the high potential side and a given power source 
voltage V..1 at the low potential side, the display driver 120 
at the master side generates the power source voltages V0 to 
VS for driving liquid crystal using the voltage generating means 
based on the potential difference between the power source 
voltage V„l at the high potential side and the power source 
voltage V„l at the low potential side. That is. for example. 
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the divided voltages which are obtained by inserting the 
resistor between the power source voltage v DD l at the high 
potential side and the power source voltage V on l at the low 
potential side as shown in Fig. 1 can be set as the power source 
S voltages VO to V5. 

""The dTi splay driver ~T 2 0 " a tTt Fe~ma s t ef ~ s i d e~ sup p l~i e s the 
above-mentioned power source voltages VO to V5 for driving the 
liquid crystal at a plurality of levels and various synchronous 
signals which become necessary due to the division of the 

10 display region to the display driver 130 at the slave side. In 
Fig, 2. the power source voltage V5 for driving liquid crystal 
is set to the ground level and only the power source voltages 
VO to V4 are supplied to the display driver 13 0 at the slave 
side. Further, the above-mentioned synchronous signals 

15 include, for example, a liquid crystal AC converting signal FR, 
a liquid crystal synchronous signal SYNC, a display clock CI», 
a blanking control signal XDOF for liquid crystal display or 
the like. 
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1.3 Constitutional example of display driver 

Fig. 3 shows an example of the constitution of the display 
driver 120 which can be changed over between the master mode 
and the slave mode due to such a M/S switching terminal • 

Here, assuming that the display device 100 is driven using 
25 the power source voltages V0 to V5 for liquid crystal driving, 
the display driver 120 shown in Fig. 2 generates the power source 
voltages V0 to V5 based on the potential difference between the 
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given power source voltage at the high potential side and the 
given power source voltage at the low potential side. The 
constitution of the display driver 130 is substantially as same 
as the above-mentioned constitution of the display driver 120. 
Further, it is assumed that the power source voltage V DD at the 
high"potential-si-de"is-set-to V0 and- the- power source voltage 
V D8 at the low potential side is set to V5 hereinafter. 

The display driver 120 includes power source voltage 
input terminals 200. 202, 204, 206 to which at least the power 
source voltages VI to V4 out of the power source voltages V0 
to V5 are supplied from the outside and a M/S switching terminal 
2 08 which changes over the master mode and the slave mode* The 
power source voltages V0, V5 may be generated by a power source 
circuit in the inside of the display driver 12 0 or may be supplied 
from the outside through an external terminal . 

Further, the display driver 120 includes a voltage 
generating part 210, input switching parts 220-1 to 220-4, 
voltage- follower connected operational amplifiers 230-1 to 
23 0-4, and switching elements SW1 to SW8. 

The voltage generating part 210 generates the power 
source voltages V0 to V5 for driving liquid crystal based on 
the potential difference between the power source voltage 
v DD {V0) at the high potential side and the power source voltage 
V 5S (V5) at the low potential side. Here, the voltage generating 
part 210 generates the power source voltages vl to V4 for driving 
liquid crystal by performing the division by resistance using 
a resistor 212 which is inserted between the power source 



voltage V DD (VO) at the high potential side and the power source 
voltage V cfi (V5) at the low potential side. 

The input switching part 220-1 supplies, when the display- 
driver 120 is set in the master mode by the M/S switching terminal 
5 2 08, the power source voltage VI which is generated by the 
voltage generating-part 210 to a first-terminal (+ terminal) 
of the operational amplifier 230-1 which is connected in the 
voltage -follower connection. Further, the input switching 
part 220-1 supplies, when the display driver 120 is set in the 
10 slave mode by the M/S switching terminal 208 , the power source 
voltage which is supplied through the power source voltage input 
terminal 200 to the first terminal (♦ terminal) of the 
operational amplifier 230-1 which is connected in the 
?p voltage- follower connection. 

as 

% is The input switching part 220-2 supplies, when the display 

Ul driver 120 is set in the master mode by the M/S switching terminal 

* a 

_ 2 08, the power source voltage V2 which is generated by the 

^ voltage generating part 210 to a first terminal (+ terminal) 

f|| of the operational amplifier 230-2 which is connected in the 

m 

2 0 voltage -follower connection. Further, the input switching 
*** part 220-2 supplies, when the display driver 120 is set in the 

slave mode by the M/S switching terminal 2 08 r the power source 
voltage which is supplied through the power source voltage input 
terminal 202 to the first terminal {+ terminal) of the 
25 operational amplifier 230-2 which is connected in the 
voltage -follower connection. 

The input switching part 220-3 supplies, when the display 
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driver 120 is set in the master mode by the M/S switching terminal 
2 08, the power source voltage V3 which is generated by the 
voltage generating part 210 to a first terminal terminal) 
of the operational amplifier 230-3 which is connected in the 
voltage- follower connection. Further, the input switching 
part 2 ^"3~^^ri^~vhe^n"the display-driver 120is set in the 
slave mode by the M/S switching terminal 2 08, the power source 
voltage which is supplied through the power source voltage input 
terminal 204 to the first terminal (+ terminal) of the 
operational amplifier 230-3 which is connected in the 
voltage- follower connection * 

The input switching part 220-4 supplies, when the display 
driver 12 0 is set in the master mode by the M/S switching terminal 
2 08, the power source voltage V4 which is generated by the 
voltage generating part 210 to a first terminal (+ terminal) 
of the operational amplifier 23 0-4 which is connected in the 
voltage -follower connection. Further, the input switching 
part 220-4 supplies, when the display driver 120 is set in the 
slave mode by the M/S switching terminal 2 08, the power source 
voltage which is supplied through the power source voltage input 
terminal 2 06 to the first terminal (+ terminal) of the 
operational amplifier 230-4 which is connected in the 
voltage- follower connection. 

Fig. 4 shows an example of the constitution of such an 
input switching part 220-1- 

Al though only the input switching part 220-1 is explained 
here, the input switching parts 220-2 to 220-4 have 



substantially the same constitution. 

The input switching part 220-1 includes first and second 
transmission gates 240, 242 in which a n-channel type transistor 
(abbreviated as Tr hereinafter) and a p- channel type transistor 
Tr are connected such that their drain terminals and source 
teiTninTlsareTon^ecW with"each"bther~andan inverter-element 
244, 

To a gate electrode of the n- channel type Tr of the first 
transmission gate 24 0, a gate electrode of the p- channel type 
Tr" of the second transmission gate 24 2 and an input terminal 
of the inverter element 244, the M/S switching terminal 208 is 
connected. To a gate electrode of the p- channel type Tr of the 
first transmission gate 24 0 and a gate electrode of the n- 
channel type Tr of the second transmission gate 242, an output 
terminal of the inverter element 244 is connected. 

In the input switching part 220-1 having such a 
constitution, when a voltage which corresponds to a logic level 
-H* is applied from the M/S switching terminal 2 08 r a voltage 
which is divided by resistance using a resistor 212 through the 
first transmission gate 240 is supplied to the first terminal 
(+ terminal) of the operational amplifier 230-1. 

On the other hand, when a voltage which corresponds to 
a logic level "L* is applied from the M/S switching terminal 
208, the power source voltage VI which is supplied from the 
outside to the power source voltage input terminal 200 through 
the second transmission gate 242 is supplied to the first 
terminal (+ terminal) of the operational amplifier 230-1. 
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In Pig- 3, the operational amplifiers 230-1 to 230-4 have 
respective second terminals <- terminals) connected to the 
output terminals of respective operational amplifiers so that 
negative feedback loops are formed thus establishing the 
5 voltage -follower connections. Further, the power source 
voltage" v M at ~the~hTigh potential— side-and the power source 
voltage v se at the low potential side are supplied to the 
operational amplifiers 230-1 to 230-4 and the operational 
amplifiers 230-1 to 230-4 output voltages .VI, V2 , V3 . V4 which 
10 are substantially equal to these input voltages. Either one 
of the power source voltage V PD at the high potential side and 
the power source voltage V S5 at the low potential side may be 
used as a ground potential. 

The switching elements SWl to SW4 are provided for 
4* 15 applying any one of the power source voltages V0 , V2, V3 , V5 
to the SEG electrodes based on the display data. These 
switching elements are respectively provided to the SEG 
electrodes. 

The switching elements SW5 to SW8 are provided for 
20 applying any one of the power source voltages V0 f VI, V4, V5 
to the COM electrodes based on the display data. These 
switching elements are respectively provided to the COM 
electrodes . 

25 1-4 Two chip constitution at the master side and the slave side 
Fig. 5 shows the general constitution of the display 
driver which is shown in Pig. 3 and Fig. 4 when the display driver 
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has the two chip constitution and is applied to the display 
device shown in Fig. 2, 

However, to simplify the explanation here, it is assumed 
that two voltages VI, V2 are generated and parts which are 
identical with parts shown in Fig. 1 to Fig. 3 and Fig. 8 are 
indicated by same numerals-and-their-explana tion— is-omi tted 
depending on the situation - 

In a display driver 120 at the master side which is set 
in such a master mode, at input switching parts 220-1M, 220-2M, 
power source voltages VI, V2 which are obtained by dividing the 
potential difference between a power source voltage V DD 1 (vo) 
at the high potential side and a power source voltage V ss l <V5) 
at the low potential side by a resistor 212 -M are supplied to 
first terminals (+ terminals) of voltage - follower connected 
operational amplifiers 230-1M, 230-2M. 

Voltages Vll, V12 which are outputted from the 
operational amplifiers 230-1M, 230-2M are supplied to a series 
of driver cells 31, 32 , 33, „ for driving liquid crystal as power 
sources. Further, these voltages Vll. V12 are supplied to a 
display driver 130 at the slave side through transparent 
conductive films 51, 52 which are formed on an interconnect 
layer on a glass substrate* 

The driver cells 31, 32, 33, - for driving liquid crystal, 
as shown in Fig. 2, drive SEG electrodes and COM electrodes of 
the liquid crystal display regions 112A, 112B- 

The display driver 130 at the slave side is set in the 
slave mode as shown in Fig- 5 and, at input switching parts 220-1S, 



220 -2S, the power source voltages VI r V2 which are supplied to 
the power source voltage input terminals 200-S, 202-S through 
transparent conductive films 51, 52 are supplied to first 
terminals {+ terminals) of voltage-follower connected 
5 operational amplifiers 230-1S, 230-2S. 
Since " tEe" opera'tiro 
constituted by adopting the voltage- follower connection, the 
feedback factors of the operational amplifiers become extremely 
large so that the input impedance of the operational amplifiers 
10 also become extremely large whereby there exists substantially 
iio flow of the input current. Accordingly, the voltage drop 
is hardly generated between the display driver 12 0 at the master 
side and the display driver 13 0 at the slave side. As a result, 
the output voltages of respective operational amplifiers 230- IS, 
230 -2S substantially become equal to the input voltages of 
respective operational amplifiers 230-1S, 230-2S so that the 
voltages V21, 22 which are outputted from the operational 
B amplifiers 230-1S, 230-2S respectively become substantially 

iS! equal to the voltages Vll, V12 which are outputted from the 

© 20 operational amplifiers 230-1M, 230-2M of the master side 
display driver 40. 

Further, the voltages V21, V22 which are outputted from 
the operational amplifiers 23Q-1S, 230-2S of the display driver 
130 at the slave side are supplied to a series of driver cells 
25 71, 72. 73, - for driving liquid crystal. 

The driver cells 71, 72, 73, ~ for driving liquid crystal , 
as shown in Pig. 2, drive the SEG electrodes and the COM 
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electrodes in the liquid crystal display regions 112C. 112D. 

In this manner, by making the voltage generated at the 
master side subjected to the impedance conversion using the 
operational amplifiers adopting the voltage - follower 
S connection, the input impedance of the operational amplifiers 
— can"be~made extremely rarge-so that there- exists substantially 
no flow of the input current to the operational amplifiers- As 
a result, the voltage drop is hardly generated between the 
display driver 120 at the master side and the display driver 
10 130 at the slave side. Therefore, the deviation in bias and 
the block irregularities on the screen of the display device 
can be prevented so that the deterioration of the display 
quality can be prevented. 

Further, the display driver is constituted such that the 
IS mode thereof is changed over by the external M/S switching 
terminal so that the manufacturing cost of the display driver 
chips suitable for the above-mentioned display driving can be 
reduced. As a result, due to the reduction of the cost of the 
COG mounting and the driver, it becomes possible to provide the 
20 display device which can cope with the retirement for the high 
quality of the display at a low cost even when the capacity of 
the liquid crystal panel is increased. 

second embodiment 
25 Although the first embodiment is explained on the 

assumption that the liquid crystal panel is formed of a passive 
matrix panel such as a simple matrix panel or the like, the liquid 
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crystal panel is not limited to such a panel. in a display 
device according to the second embodiment, a liquid crystal 
panel formed on a glass substrate includes an active matrix 
panel which uses three terminal elements or two terminal 
elements such as thin film transistors (TFT) * thin film diodes 
(TPD) or the~like^ — ■-- 

2.1 Summary of the display device 

Fig- 6 shows the general constitution of a display device 
3 00 according to the second embodiment. 

In the display device 300, a TFT type liquid crystal panel 
310 is formed on a glass substrate. On the glass substrate, 
as a circuit which drives the TFT type liquid crystal panel 310. 
a gate driver 32 0 which is connected to a gate line (scanning 
line) 312 and first to I,th data drivers 330-1 to 33 0-L which 
are connected to data lines (signal lines) 314 corresponding 
to pixels which perform display driving are mounted. 

Further, on the glass substrate on which the TFT type 
liquid crystal panel 310 is formed, a power source circuit 340 
which supplies power source voltages at one or a plurality of 
levels to respective parts mounted on the same substrate through 
transparent conductive films, signal control circuits 350 wbich 
perform the display driving of the gate driver 320 and the first 
to Lth data drivers 330-1 to 33 0-L based on the display data 
are mounted. 

The power source circuit 340 includes a gray scale voltage 
circuit part which generates a reference voltage necessary for 
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the gray scale driving ana supplies this reference voltage to 
the first to the Lth data drivers 330-1 to 330 -L. The first 
to the Lth data drivers 330-1 to 330 -L supply, based on the gray 
scale data of respectively corresponding display regions, the 
driving voltages which are generated based on the reference 
voltage - suppliecTf rom the~p6wer~ source circuit" 34 0 to™the data 
line 314. It is assumed that these first to Lth data drivers 
330-1 to 330-L substantially have the same constitution. 

in the TFT type liquid crystal panel 310. a liquid crystal 
capacity 316 is formed by inserting the liquid crystal between 
a pixel electrode 318 and a common electrode 360* A common 
voltage is supplied to the common electrode 360 from a common 
electrode driving circuit 362. 

2.2 Summary of the display driver 

Fig- 7 shows the general constitution of an essential part 
of the constitution of the above-mentioned data driver. 

In the data driver 330, the reference voltages at a 
plurality of levels necessary for the gray scale driving are 
supplied to reference voltage supply terminals 380-1 to 380 -P 
from the power source circuit 34 0 mounted on the same glass 
substrate through the transparent conductive film. The 
reference voltages supplied to the reference voltage supply 
terminals 380 are respectively supplied to first terminals {+ 
terminals) of the respective voltage - follower connected 
operational amplifiers 390-1 to 390-P. 

A resistor 392 is inserted between output terminals of 
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the operational amplifier 390-1 and the operational amplifier 
390- P and respective output terminals of the operational 
amplifiers 390-2 to 390- (p - l) are connected to given 
resistance division points on the resistor 392. 

The data driver 330 is provided with a drive voltage 
generating circuit part 394 which selects a driving voltage 
necessary for the gray scale driving based on the gray scale 
data of a pixel which is subjected to the display driving. The 
driving voltage generating circuit part 394 selectively selects 
a voltage outputted from an arbitrary resistance division point 
using the output voltages of the respective operational 
amplifiers 390-1 to 390 -P as the reference voltages- The 
voltage outputted from the driving voltage generating circuit 
part 394 is subjected to the impedance conversion by the 
operational amplifier 396 which is connected in a voltage- 
follower connection and thereafter is supplied to the data line 
314 of the TFT type li<juid crystal panel 310. 

In this manner, with respect to the display device 
including the COO-mounted power source circuit and a plurality 
of data drivers, when the reference voltages at a plurality of 
levels which are necessary for the gray scale driving of the 
active matrix panel generated at the power source circuit are 
supplied to the respective data drivers through the transparent 
conductive film whose interconnect resistance cannot be ignored, 
the impedance conversion is performed at each data driver by 
the operational amplifier connected in a voltage -follower 
manner to generate the gray scale driving voltages . Due to such 
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a constitution, the input impedance of the operational 
amplifier can be extremely increased so that there is 
substantially no flow of the input current to the operational 
amplifier. As a result, the voltage drop is hardly generated 
between the power source circuit 340 and the respective data 
dr ivers 3 30-l~to'330-L. Accordingly, the deviation in bias and 
the block irregularities on the screen of the display device 
can be prevented so that the deterioration of the display 
quality can be prevented. 

The present invention is not limited to the above- 
mentioned embodiments and various modifications can be 
considered within a scope of the gist of the present invention. 

Further, although the first embodiment and tfce second 
embodiment have been explained with respect to the case in which 
15 the liquid crystal panel is mounted as the display device, the 
present invention is not limited to this case. The present 
invention is applicable to a display device using other panel. 
For example, the present invention is applicable to a display 
panel whose display is controlled based on the voltage. 

Still further, although the first embodiment and the 
second embodiment explain the driving circuit for driving the 
display device, the present invention is not limited to such 
a driving device. The present invention is preferably used for 
suppressing the drop of the power source voltage between the 
supply side and the reception side when the voltage is supplied 
through the interconnecting line which has the interconnect 
resistance not less than the output impedance of the voltage 
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supply circuit (the operational amplifier connected in a 
voltage -follower manner in Fig. 1, Fig. 3 and Fig. 5, for 
example) which supplies various voltages. 
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